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(54) MANUFACTURE OF P -TYPE GALLIUM NITRIDE BASED COMPOUND SEMICONDUCTOR 

(57)Abstract: 

PURPOSE: To provide a method for manufacturing a p-type 
gallium nitride based compound semiconductor, by which a 
gallium nitride based compound semiconductor doped with a p- 
type impurity is made a p-type semiconductor having a low 
resistance and further, the value of the resistance is made 
uniform over the whole of its wafer independently of its film 
thickness and moreover, a light emitting element made of the 
compound semiconductor can have a double or single hetero- 
structure. 

CONSTITUTION: By a vapor growth method, a gallium nitride 
based compound semiconductor layer doped with a p-type 
impurity is formed, and thereafter, its annealing is performed at 
a temperature not lower than 400° C. However, it is more £g 
preferable that the annealing is performed in a pressurized 
atmosphere or performed by providing newly a cap layer on the 
gallium nitride based compound semiconductor. 
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* NOTICES * r 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. * 



CLAIMS 

[Claim(s)] ==— ^_=__=======_=_ 

[Claim 1] The manufacture approach of p mold gallium nitride system compound semiconductor characterized 
by performing annealing at the temperature of 400 degrees C or more after forming the gallium nitride system 
compound semiconductor which doped p mold impurity by vapor growth. 

[Claim 2] Said annealing is the manufacture approach of p mold gallium nitride system compound 
semiconductor according to claim 1 characterized by carrying out in the nitrogen-gas-atmosphere mind 
pressurized more than the decomposition pressure of the gallium nitride system compound semiconductor in 
the annealing temperature. 

[Claim 3] The manufacture approach of claim 1 characterized by forming a cap layer further on the gallium 
nitride system compound semiconductor which doped said p mold impurity thru/or p mold gallium nitride 
system compound semiconductor given in 2. 

[Claim 4] said cap layer — GaXAI1-XN (however, 0<=X<=1), and AIN and Si3 — the manufacture approach of 
p mold gallium nitride system compound semiconductor according to claim 3 characterized by consisting of a 
gap chosen from N4 and Si02, or a kind of ingredient. 



[Translation done.] 
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* NOTICES * r 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the gallium nitride system compound semiconductor layer which this invention required 
for the manufacture approach of p mold gallium nitride system compound semiconductor used for 
luminescence devices, such as ultraviolet, a blue luminescence laser diode, ultraviolet, and a blue light emitting 
diode, doped p mold impurity by vapor growth in detail, and was formed — low — it is related with the 
approach of using as p mold [ **** ]. 
[0002] 

[Description of the Prior Art] Research is advanced using an II— VI group's ZnSe, an IV-IV group's SiC, an ffl-V 
group's GaN, etc., it is announced that luminescence which a gallium nitride system compound semiconductor 
[GaXAI1-XN (however, 0<=X<=1)] is ordinary temperature, and was comparatively excellent also in it is shown 
recently, and the blue light emitting device attracts attention. The blue light emitting device which has the 
gallium nitride system compound semiconductor has the structure where the laminating of the epitaxial layer 
of the gallium nitride system compound semiconductor by which a general formula is fundamentally expressed 
with GaXAH-XN (however, 0<=X<=1) on the substrate which consists of sapphire was carried out to n mold 
and i mold, or p mold at order. 

[0003] It considers as the approach of carrying out the laminating of the gallium nitride system compound 
semiconductor, and vapor growth, such as organometallic compound vapor growth (henceforth the MOCVD 
method) and a molecular beam epitaxy method (henceforth the MBE method), is known well. When the 
approach using the MOCVD method is explained briefly, for example, this approach In the reaction container 
which installed silicon on sapphire, as reactant gas Organometallic compound gas {trimethylgallium (TMG), 
Supply), such as trimethylaluminum (TMA) and ammonia, and crystal growth temperature is held to an about 
900 degrees C - 1 100 degrees C elevated temperature. It is the approach of carrying out the laminating of the 
gallium nitride system compound semiconductor to n mold, i mold, or p mold, growing up a gallium nitride 
system compound semiconductor on a substrate, and supplying other impurity gas if needed. Although there 
are SiC, Si, etc. in a substrate other than sapphire, generally sapphire is used. Although Si (however, in the 
case of a gallium nitride system compound semiconductor there is a property which becomes n mold even if it 
does not dope n mold impurity.) is well known as an n mold impurity and Zn, Cd, Be, Mg, calcium, Ba, etc. are 
mentioned as a p mold impurity, Mg and Zn are best known also in it. 

[0004] Moreover, if a direct gallium nitride system compound semiconductor is grown up on silicon on sapphire 
at an elevated temperature, since the surface state and crystallinity will get remarkably bad as one of the 
formation approaches of the gallium nitride system compound semiconductor by the MOCVD method, before 
growing up at an elevated temperature, it is shown clearly by forming the buffer layer which consists of AIN 
and growing up at an elevated temperature on a buffer layer continuously by the low temperature around 600 
degrees C first that crystallinity is markedly alike and improves (JP,2-229476,A). Moreover, this invention 
person showed that the laminating of the crystalline gallium nitride system compound semiconductor excellent 
in the direction which makes GaN a buffer layer could be carried out rather than the conventional approach of 
making AIN a buffer layer in Japanese Patent Application No. No. 89840 [ three to ]. 

[0005] However, the blue luminescence device which has a gallium nitride system compound semiconductor 
has not yet resulted in utilization, because, a gallium nitride system compound semiconductor — low — it is 
because it is not made to p mold [ **** 1 so terrorism is impossible to double and it is not impossible of the 
light emitting device of much structures, such as terrorism, to a single, the gallium nitride system compound 
semiconductor obtained even if it grew up the gallium nitride system compound semiconductor which doped p 
mold impurity by vapor growth — p mold — not becoming — resistivity — 108 or more ohm-cm — high — 
the actual condition became a half-insulating material [ **** ], i.e., i mold. For this reason, only the thing of 
the so-called metal-insulator-semiconductor structure to which structure of current and a blue light emitting 
device was used as the buffer layer and n type layer on the substrate, and used the laminating of the i type 
layer to order on it is known. 
[0006] 

[Problem(s) to be Solved by the Invention] high — in JP,2-257679,A, Mg was doped as a p mold impurity as a 
means for forming i mold [ **** ] into low resistance, and bringing close to p mold — high — after forming i 
mold nitriding gallium compound semi-conductor [ **** ] in the maximum upper layer, the technique which 
forms about 0.5-micrometer layer into low resistance from a front face is indicated by irradiating an electron 
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ray with an acceleration voltage of 6kV - 30kV on the front face. However, by this approach, since the whole 
wafer had to be irradiated only the penetration depth of an electron ray, i.e., a pole front face, being able to 
carry out [ low **** ]-izing, and scanning -an electron ray, the problem that-izing could not be carried out 
[ low **** ] was in the homogeneity within a field. 

[0007] therefore, the gallium nitride system compound semiconductor with which the purpose of this invention 
doped p mold impurity — low — it considers as p mold [ **** ], and is not further based on thickness, but the 
manufacture approach of p mold gallium nitride system compound semiconductor that resistance is uniform to 
the whole wafer, and it can do with terrorism to double and it can do a light emitting device to a single with 
the structure in which terrorism structure is possible* is offered 
[0008] 

[Means for Solving the Problem] After the manufacture approach of p mold gallium nitride system compound 
semiconductor of this invention forms the gallium nitride system compound semiconductor layer which doped p 
mold impurity by vapor growth, it is characterized by performing annealing at the temperature of 400 degrees 
C or more. 

[0009] After it forms the gallium nitride system compound semiconductor layer which doped p mold impurity, 
annealing (Annealing: annealing) may be performed within a reaction container, may pick out a wafer from a 
reaction container and may perform it using the equipment only for annealing. An annealing ambient 
atmosphere is performed among a vacuum in inert gas, such as N2, helium, Ne, and Ar, or these mixed-gas 
ambient atmospheres, and is most preferably performed in the nitrogen-gas-atmosphere mind pressurized 
above the decomposition pressure of the gallium nitride system compound semiconductor in annealing 
temperature. It is because there is an operation which prevents that N in a gallium nitride system compound 
semiconductor decomposes and goes away during annealing by pressurizing as a nitrogen-gas-atmosphere 
mind. 

[0010] For example, in GaN, the decomposition pressure of GaN is at about 1 atmospheric pressure and 1100 
degrees C in about 0.01 atmospheric pressures and 1000 degrees C by 800 degrees C as about 10 
atmospheric pressures. For this reason, in case annealing of the gallium nitride system compound 
semiconductor is carried out above 400 degrees C, disassembly of a gallium nitride system compound 
semiconductor occurs to some extent, and it is in the inclination for that crystallinity to worsen. Therefore, 
decomposition can be prevented by pressurizing with nitrogen as mentioned above. 

[0011] annealing temperature — 400 degrees C or more — desirable — 700 degrees C or more — it is — 1- 
minute or more maintenance — it carries out by holding 10 minutes or more preferably. Even if it carries out 
above 1000 degrees C, by pressurizing with nitrogen, as described above, it is stabilized so that decomposition 
can be prevented and it may state later, and crystalline outstanding p mold gallium nitride system compound 
semiconductor is obtained. 

[0012] Moreover, as a means to suppress disassembly of a gallium nitride system compound semiconductor 
under annealing, annealing may be performed, after making a cap layer form further on the gallium nitride 
system compound semiconductor layer which doped p mold impurity, without it makes a gallium nitride system 
compound semiconductor disassemble into reduced pressure and ordinary pressure by carrying out annealing 
above 400 degrees C after being a cap layer, i.e., a protective coat, and forming it on the gallium nitride 
system compound semiconductor which doped p mold impurity to say nothing of the bottom of pressurization 

— low — it can consider as p mold [ **** ]. 

[0013] In order to form a cap layer, after forming the gallium nitride system compound semiconductor layer 
which doped p mold impurity, you may form within a reaction container continuously, and a wafer may be 
picked out from a reaction container and you may form, other crystal growth equipment, for example, plasma- 
CVD equipment etc., etc. if it is the ingredient which can be formed on a gallium nitride system compound 
semiconductor as an ingredient of a cap layer and is a stable ingredient above 400 degrees C — what kind of 
thing — ****** — desirable — GaXAM- XN (however, 0<=X<=1) and Si3 — N4 and Si02 can be mentioned 
and the class of ingredient is suitably chosen with annealing temperature. Moreover, the thickness of a cap 
layer is usually formed by the thickness of 0.01-5 micrometers. Since the effectiveness as a protective coat 
fully not being acquired if thinner than 0.01 micrometers, and removing a cap layer by etching after annealing if 
thicker than 5 micrometers, and exposing p mold gallium nitride system compound semiconductor layer takes 
time and effort, it is not economical. 
[0014] 

[Function] the gallium nitride system compound semiconductor layer in which drawing 1 doped p mold impurity 

— annealing — low — it is drawing showing changing to p mold [ **** ]. After it takes out a wafer, changes 
temperature, after this forms a GaN layer by 4-micrometer thickness, forming a GaN buffer layer first on 
silicon on sapphire, and doping Mg as a p mold impurity on it using the MOCVD method, and it performs 
annealing for 10 minutes in nitrogen-gas-atmosphere mind, it is drawing which performed hole measurement of 
a wafer and plotted resistivity as a function of annealing temperature. 

[0015] the resistivity of the GaN layer which doped Mg rapidly [ as shown in this drawing ] from the hit 
exceeding 400 degrees C — decreasing — about 1 law from 700 degrees C or more — low — p mold property 
[ **** ] was shown and the effectiveness of annealing has shown up. In addition, the GaN layers after 
annealing were resistivity 2 ohm-cm and 2x101 7/of hole carrier concentration cm 3 to the GaN layers before 
annealing of the hole measurement result of the GaN layer which carried out annealing to the GaN layer which 
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does not carry out annealing above 700 degrees C having been resistivity 2x105 ohm-cm and 8x1010/of hole 
carrier concentration cm 3. Moreover, although this drawing was drawing having shown GaN, it was confirmed 
that the same result is obtained ateo in GaXAI1-XN (0<=X<1) which similarly doped p mold impurity. 
[0016] Furthermore, as a result of etching the 4 above-mentioned micrometers GaN layer which carried out 
annealing at 700 degrees C, making it the thickness of 2 micrometers and performing hole measurement, it was 
2x1017/of hole carrier concentration cm 3, and resistivity 3 ohm-cm, and was the almost same value as 
etching before, namely, the GaN layer which doped p mold impurity — annealing — the depth direction 
homogeneity — all fields — crossing — low — it had become p mold [ **** ]. 

[001 7] The wafer in which the GaN buffer layer and the 4-micrometer GaN layer which doped Mg were formed 
on silicon on sapphire is used using law. moreover, drawing 2 — the same — MOCVD — The wafer which 
performed annealing for [ in nitrogen-gas-atmosphere mind ] 20 minutes at 1000 degrees C, and was 
performed under the pressurization of 20 atmospheric pressures (a), helium-Cd laser is irradiated as the 
excitation light source at the p mold GaN layer of the wafer (b) performed with atmospheric pressure, 
respectively. It is drawing comparing and showing crystallinity by the photoluminescence reinforcement, and it 
can be estimated that crystallinity is excellent, so that the blue luminescence reinforcement in 450nm of the 
photoluminescence is strong. 

[0018] Although it is in the inclination for the crystallinity to worsen when a GaN layer pyrolyzes when 
annealing is performed at an elevated temperature 1000 degrees C or more as shown in drawing 2 , by 
pressurizing, a pyrolysis can be prevented and the outstanding crystalline p mold GaN layer is obtained. 
[0019] Moreover, the wafer with which drawing 3 similarly formed the GaN buffer layer and the 4-micrometer 
GaN layer which doped Mg on silicon on sapphire (c). The wafer (d) which furthermore grew up the AIN layer 
by 0.5-micrometer thickness as a cap layer on it is shortly set in atmospheric pressure. After performing 
annealing for 20 minutes by 1000 degrees C and nitrogen-gas-atmosphere mind, it is drawing comparing and 
showing the crystallinity of the p mold GaN layer which removed the cap layer by etching and was exposed by 
photoluminescence reinforcement similarly. 

[0020] As shown in drawing 3 ( s j nce decomposition of a p mold GaN layer will progress if the p mold GaN 
layer (c) which performed annealing, without growing up a cap layer becomes annealing in an elevated 
temperature, the luminescence reinforcement in 450nm will become weak. However, although AIN of a cap 
layer is decomposed by growing up a cap layer (AIN in this case), since a p mold GaN layer does not 
decompose, luminescence reinforcement is still strong. 

[0021] annealing — low — it is guessed that the reason p mold gallium nitride system compound 
semiconductor [ **** ] is obtained is as follows. 

[0022] That is, in growth of a gallium nitride system compound semiconductor layer, as a source of N, generally 
NH3 is used and it is thought that this NH3 decomposes during growth and atomic hydrogen is made. It is 
thought by combining with Mg with which this atomic hydrogen was doped as acceptor impurity, Zn, etc. that 
the impurity is prevented from p mold working as an acceptor, such as Mg and Zn. For this reason, the gallium 
nitride system compound semiconductor which doped p mold impurity after a reaction shows high resistance. 
[0023] in order [ however, ] to dissociate thermally the hydrogen combined in forms, such as Mg-H and Zn-H, 
by performing annealing after growth, to go away from the gallium nitride system compound semiconductor 
layer which doped p mold impurity and for p mold impurity to work as an acceptor normally — low — p mold 
gallium nitride system compound semiconductor [ **** ] is obtained. Therefore, it is not desirable to use the 
gas which contains the hydrogen atom of NH3 and H2 grade in an annealing ambient atmosphere. Moreover, in 
a cap layer, it is not desirable to use the ingredient containing a hydrogen atom at the above reason. 
[0024] 

[Example] This invention is explained in full detail in the example below. 

[Example 1] The silicon on sapphire washed well first is installed in the susceptor in a reaction container. After 
carrying out evacuation of the inside of a container, a substrate is heated for hydrogen gas for 20 minutes at 
1050 degrees C with a sink, and a surface oxide is removed, then, temperature — 510 degrees C — cooling — 
510 degrees C — setting — as the source of Ga — TMG gas — as a part for 27x10 -six-mol/, and the 
source of N ammonia gas — as 4.0I. a part for /and carrier gas, hydrogen gas is grown up by part for 2.0I./, 
and a GaN buffer layer is grown up by 200A thickness with a sink. 

[0025] Next, after stopping only TMG gas and raising temperature to 1030 degrees C, TMG gas newly grows up 
Cp2Mg (magnesium cyclopentadienyl) gas for 60 minutes with a sink by part for 3.6x10 -six-mol/by 54x10 - 
six-mol/again. and the GaN layer which doped Mg is grown up by 4-micrometer thickness. 
[0026] The wafer into which the above was grown up was picked out from the reaction container after cooling, 
and it put into annealing equipment, it held for 20 minutes at 800 degrees C in ordinary pressure and nitrogen- 
gas-atmosphere mind, and annealing was performed. 

[0027] As a result of performing hole measurement of the p mold GaN layer obtained by carrying out 
annealing, resistivity 2 ohm-cm, and 2x101 7/of hole carrier concentration cm 3 and outstanding p mold 
property were shown. 

[0028] In the [example 2] example 1, after growing up a Mg dope GaN layer, Cp2Mg gas is stopped, and a GaN 
layer is continuously grown up by 0.5-micrometer thickness as a cap layer. 

[0029] In annealing equipment, annealing is performed for 20 minutes at 800 degrees C among the mixed-gas 
ambient atmosphere of nitrogen and an argon under ordinary pressure like an example 1. Then, as a result of 
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having removed the 0.5-micrometer layer from the front face, removing a cap layer, exposing a p mold GaN 
layer and performing hole measurement similarly by dry etching, resistivity 2 ohm-cm, and 1.5x101 7/of carrier 
concentration cm 3 and outstanding p mold property were shown. In addition, the blue luminescence 
reinforcement of 450nm of photoluminescence was about 4 times stronger as compared with the example 1. 
[0030] In the [example 3] example 1. after growing up a Mg dope GaN layer, a wafer is picked out from a 
reaction container and annealing is performed for 20 minutes at 800 degrees C among 20 atmospheric 
pressures and nitrogen-gas-atmosphere mind in annealing equipment As a result of performing hole 
measurement, resistivity 2 ohm-cm, and 2.0x1 01 7/of carrier concentration cm 3 and outstanding p mold 
property were shown, and the luminescence .reinforcement of 450nm of photoluminescence was about 4 times 
stronger as compared with the example 1 . 

[0031] After growing up a Mg dope GaN layer, a wafer is picked out from a reaction container and it forms SiO 
two-layer by 0.5-micrometer thickness as a cap layer on it in the [example 4] example 1 using plasma-CVD 
equipment. 

[0032] In annealing equipment annealing is performed for 20 minutes at 1000 degrees C among nitrogen-gas- 
atmosphere mind and atmospheric pressure. Then, as a result of removing a Si02 cap layer by fluoric acid, 
exposing a p mold GaN layer and performing hole measurement similarly, resistivity 2 ohm-cm, and 
2.0x1 01 7/of carrier concentration cm 3 and outstanding p mold property were shown. Moreover, the 
luminescence reinforcement of 450nm of photoluminescence was about 20 times strong as compared with 
what did not form a cap layer but performed annealing on the same conditions. 

[0033] In the [example 5] example 1, after growing up a Mg dope GaN layer, Cp2Mg gas newly grows up a stop 
and the n mold GaO.9aluminumO.1N layer which passes TMA gas for 20 minutes and by which Si was doped 
[ gas / part / for 2.2x10 -ten mol/] in 6x10 -six-mol part [ for /] and SiH4 (mono silane) gas by the thickness 
of 0.8 micrometers succeedingly. 

[0034] After cooling a stop, and hydrogen gas and ammonia gas for TMG gas, TMA gas, and SiH4 gas to a room 
temperature with a sink, a wafer is taken out, and it puts into annealing equipment it holds for 20 minutes at 
700 degrees C in nitrogen-gas-atmosphere mind, and annealing is performed. 

[0035] Thus, the component of terrorism structure was made to the single by which the laminating of a p mold 
GaN layer and the n mold Ga0.9aluminum0.1N layer was carried out to order on silicon on sapphire. After 
having etched the n mold Ga0.9aluminum0.1 N layer part for the gallium nitride system compound 
semiconductor layer of this component according to the conventional method, exposing a part of p mold GaN 
layer and attaching an ohmic electrode to each layer, it cut in the shape of a chip with the dicing saw. The 
electrode was taken out from n type layer exposed on the chip, and p type layer, mold was carried out after 
that, and blue light emitting diode was produced. The property of this light emitting diode showed blue 
luminescence of 90 microwatts of radiant power outputs by 20mA of forward current, and forward voltage 5V, 
and peak wavelength was 430nm. This radiant power output is the high value which was not reported in the 
past as an output of blue light emitting diode. 

[0036] When the light emitting diode which does not carry out annealing on the other hand, but has terrorism 
structure to the same single was manufactured, it was only shining with luminescence faintly appropriate for 
[ this light emitting diode had forward voltage also about 60V in 20mA of forward current, and ] yellow 
moreover, and it broke immediately and a radiant power output cannot be measured. 

[0037] A GaN buffer layer is formed by 200A thickness on silicon on sapphire like the [example 6] example 1. 
[0038] Next, after raising only TMG gas by the stop and raising temperature even at 1030 degrees C, the n 
mold GaN layer by which SiH4 (mono silane) gas was newly grown up for 60 minutes with the sink by part for 
2.2x10 -ten-mol/with a part for 54x10 -six-mol/, and Si was doped in TMG gas is again grown up by 4- 
micrometer thickness. 

[0039] Then, SiH4 gas grows up a stop and Cp2Mg gas for 30 minutes with a sink by part for 3.6x10 -six-mol/, 
and a Mg dope GaN layer is grown up by the thickness of 2.0 micrometers. 

[0040] The gas which flows TMG gas and Cp2Mg gas in a reaction container in a stop, and hydrogen gas and 
ammonia gas after cooling to a room temperature with a sink is permuted by nitrogen gas, the temperature in a 
reaction container is raised to 1000 degrees C with a sink, nitrogen gas is held for 20 minutes within a reaction 
container, and annealing is performed. 

[0041] Thus, when the obtained component was used as light emitting diode and made to emit light like an 
example 4, blue luminescence which has a luminescence peak near 430nm was shown, the radiant power 
output was 50 microwatts in 20mA, and, similarly forward voltage was 4V in 20mA. Moreover, when annealing is 
not performed, but the component of the same structure is produced and it considers as light emitting diode, 
in 20mA, light was slightly emitted in yellow, and diode has broken immediately 
[0042] 

[Effect of the Invention] as stated above, even if it dopes p mold impurity conventionally according to the 
manufacture approach of this invention — low — the gallium nitride system compound semiconductor used as 
p mold [ **** ] — low — since it can consider as p mold [ **** ], the component of much structures can be 
manufactured. Furthermore, although only the pole front face of the maximum upper layer was able to carry 
out [ low **** ]-izing by the approach by the conventional electron beam irradiation, in this invention, since- 
izing of the whole can be carried out [ p mold ], moreover ,-izing of the gallium nitride system compound 
semiconductor layer in which p mold impurity was doped by annealing can be carried out [ p mold ] to the 
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homogeneity within a field at the depth direction homogeneity, and, moreover, p type layer can be formed even 
in what layer, since [ moreover, ] the layer of a thick film can be formed — high — a brightness blue light 
emitting device can be obtained. . 



[Translation done.] 
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* NOTICES* , 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing. 1] Drawing showing the annealing temperature by one example of this invention, and the relation of 
resistivity. 

[Drawing 21 Drawing comparing and showing the crystallinity of the p mold GaN layer by one example of this 
invention by photoluminescence reinforcement. 

[Drawing 31 Drawing comparing and showing the crystallinity of the p mold GaN layer by one example of this 
invention by photoluminescence reinforcement. 
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[M*l4] Huffi*1"y^l(iG a, A 1 h N (fib 



10 



So 

[000 1] 

SRapSt-rs^rffitM-r*. 

[0002] 

[t£*<D&ffi] fimmj-lt. II-VI«OZnSe, I 
V-IV$=<DS i C, III-V*OGaNti*fflt>TBBWj| 



(2) 

3 

«ifi> *©4n?&gfc#y7AM:£W!*ft 

tGa t Al,-x N ({HLO^l) ] tf, %UX\ it 

^©gfctf y ^A^ft^u^ft^t^-^f mm 1 ? • 

Ga.Aln N ({SLO^S 1 ) T'SSnSgfttfy 
7 ASft£ Wlft©x fc!£ + /HiWBfc n Sfc J: 

[0003] gfb? y ^A^fb^ft^ft^tefS^ 10 

mtLx, %®&mitfrfmmm cktmocvd 

MO C V Dffi*fflif>ftSttt-D^TlB*l«:RW5 fc^ 

f5#X LTWH&lfc&totfX 1 h U * U 7 A 
(TMG) , h'J *iW;l/5x7A (TMA) , 7 V 

t-7fl *#«&U ^ B figgSg^fcJ;^9 0 0°C~ 
1 1 OOTtfflfflfcfiWl/t, S«±fcMfc#y7A£ 

fcaWWftfcjjtfiS*, *ft£®cj£i;Tfl&(D^i|««| 20 

tt^77^7©ffiicS i Cs S i SfcfcSibHftttfctt 
1f77-f7ffffl^&ftT^3. nS^lfitltLTfiS i 
(fib, tft#y7AM:£#l¥?§tt©*i£, nl!^« 
»*K-7'Uft<i:tni!t4«tt«*«*S 0 ) ff&< 
Sl&ftTfctK pS*tt»i:LTttZru Cd, Be, 
Mg, Ca, BafW^tl^^ ^©ff'ft.Mg, 
Zntfft&J;<fc|?>ftTI/^o 

[0 0 0 4] MOCVD&fc^gfb^A^ 30 

7«^fc*»Sfl:;i(f V 7A&{t£ft¥¥tt*fiSc5S-e 
* t , £©gffim JSAtttf « L < S < * S ft 
fifj&SfcfT-Sffifc, $1*6 0 0°CMf£©{gjg? A 1 N 

fc . !SfiTj*g*fT oCt\za*) s tyH&NUgfc &± 

tZCttfWZfrlcZtlT^Z (1tffl¥2 - 2 2 9 4 7 
6#£flD . *5SW#tt1tR¥3-8 98 4 0^ 
fc*K>T, A 1 N£^y7rl£^£#0mfct) 
fc, G aN*s^7 7Mtt%mmtltz&£k&<Dmt 40 

#y 7 Likib&to&mwwavzzc k*«tfc. 

[0 0 0 5] L*»Lft*«6, Mt#y7A?^fclWf^ 

JSgST?p§!**E»£ F-7L/cgft^y 7A?Mfc#ft 
¥***jJ»LTfc, ft ftftfeSfctfy 7A&fc£ft¥ 
•ttttpfflfcttft&f, ItiWl 0 8 Q-cmJX±©iSg 
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[0 0 0 6] 

7 6 7 9^«tfcl/>T, pffl**HlfcLTMg*K- 
7Lfti«ffiia& i IMflsffiJ 7A{b£««*£g±l 
fcJML/cHfc, Anii«E6 k V~3 0 k V©flESt£ 
^©^ffitlSifrSilfcfc.tf)^ SSfr^O. 5 /in 

ffifilfflt? *?\ S ft«E$l££g L 43^6 7x/ n- 

[0 0 0 7]fcT*»sm, p£!*«W*F- 
T'LfcSMbtfy 7A£{t£^¥j£tt£{ggffifc P Sfc 

[000 8] 

[Kii£ft?)*-f&ftJ6©?g] *^© P MSfb^y7 
Bi&trc^ 400 mhos*-??-- y > ^fr? 

[0 0 0 9] 7x-y>y (Annealing :«tftSU 

-*EJ&8Sj&» 5« 9 tf) LT7x- y > 7Hffl£>gtt£ 
JB^TfraTfcJ:^. 7x-yy^H^aK$^ N 
2, He, Ne, A r#©^gft^X, Sfcficn?.© 
fi^X»Hat*"fffft\ «fefftL<tt, 7x-«J> 
^ JBJtt fctt S mitii y 7 A3Rft^«*aK*(0iM»E« 

MtLTtoE-r^CtJCcfcO, 7x-y^^cfjfc, gft 

[0 0 10] W*tf G a N G a N©»^E« 8 
00°CT«0. OimE, 1 00 0°CT?^1S(E, 1 1 
0 0°CT^1 0fUESTfe« o CCftft, SfcjJU^A 

l{t£tt¥»ft£4 o o°cw±T'7x-y vyrsie, 

J: ^ tSjRTJiPffi-rs c i: t «fc t> 5MS*KihTt*. 
[ooi i] 7x-y >yjatii4 oo°cw±> 

< tt 7 0 0 °CW±T% 1 »0±fiW, tf£ L < (i 1 0 » 
ttimLTfti, 1 0 0 0°CW±TffoTfe, MI2L 
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[0 0 12] /--'JV^*©, wcm^uk 

mm* F-^Lfcaffcjff y 7A&{t&ti¥?sft©± 

tjft* Lfcl, 400 °cw±i?7^- y > yrs C t \C 

Tfc, S^#y*zjRfl:^¥^*^«tf*ti:a 
<ffigfiftpgi:-r*«:i:ff-e*S 0 
[0 0 13] **V?m*Bl$.tZlclts pffffiffift* 
F-7XfcS<(:#y Si^^NWMKH&KLfc 
& «^TfiJ&gSfrfflftaLTfcJ:ir*U Sfc, 7x 

Oi^ftfe<D1ftJ:<, »$U<ttGa«A In N (fl .20 
Si 3 N«, S i Oi«¥tf«C2:tf? 

So *1r-y7'JI©«gB;jIftO. 01-5/im© 

sa-ej&sts. o. o i iimk^m^tummtLT 

*, plS[b^y>A^t^^#:S%Sfct}?^5© 
[00 14] 

[ffffl] 1 1 tt» pfPftHife F-7Lfcgft#y 7 A 30 

3Rfc^«*JWt:i««7- - y > y t i o rfggift* p a 

ffl^Ts y-77^7Stg±tC$-rG aNA7 77Mig 
J*U *0±tepS*M»fcLTMg£K-7*La#S 
GaNl*4/4mOiW-CTgriiLfca, 7x/\-£®9 

fcUU JB**«ft:«*TSaE»ll«'pT7--yyy* 
**7^-y >?»&£©»&£ LT7n 7 h LfcHT* 

[00 1 5] C©@frP>fcfr3«fc9lC, 4 0 0°C£iS;t 40 
%Mc>) 5 j&»fc M g £ F- 7 L rc C a N ®<DfiSt$ 
sMfcfrU 7 0 0*CjX±fr&ttS£-£©ffifitftS:pg! 

4*tt**u 7--y vyoasA^snT^a. a*, 

7x-'J yyuS^G a NHt 7 0 0°CW±T*7x-y 
vyi/ft G a Nff®*-;l/J8£&«tt, 7x-y 
©CaNlttgjn$2x l 0 s Q-cin. y 7?1 

10 1 

S8x i o /cm -e^-p/-c©fc^u 7--y>yi 

©C a N®«jgJn$2 Q -cb, V 7rlS2 x 

1 0" /caX'hr)Tco C©0«G a NtCO^T 

*LfcBn?*Stf, HU< p§PR»F-7L7cG a 50 



1^2 5 4 0 7 9 1 

6 

>AIh N (0SX< 1 ) fcfe^Tt^aoeSAMIS 

[0 0 16] 7 0 0 o CT'7x-y>yLfc±ia 

4 irniOG aNS^X7^>ytT2 /itnOJPSfcU 
*->l>»B£*ftofce& 'J 71S2 x 1 0 

" /cm\ fit^;$3Q'C0'I?^t)^ ^"j^-yVmtmsm 

-©ttT-fcofc W*> pm^mm* F-7L;fcG a Nl 

[00 17] $fc, 02tt, HtKMOCVD&fcfli^ 
T> tf7yf73&Rj:fcG aN^777li:Mg£F- 
7Uc4/im©GaNl£Jfcfi5cLfc7X/N-£fflt,\ l 
o o 0TT?S*8HaW2 0^ffl<D7x-y yy*ft 
K 2 0^EcD*nETTlTofc7x/N- (a) fc, 
ETfTofc7x/N- (b) ©pi/G a Nlt^n^nH 
e - C d U-V-*BB3ttBkLTiB»U ^©7* F 
/l> 5 * 7 t >^»ie-ptS*tt*itlS! LT jjrf EIT« ♦) » 
^©7* F;!/$*7-fe:/X©4 5 0 n mfCfcttSf&lg 

[o o i 8] 02t^-rJ;3tc, 1 0 0 0 "C^CStjg 

T-7--y yy*n?tc%-&, g a nb^^-ts c 

tlcj;^ ^<DS H a H tt^l<^Sfiar&ltcfeS^ toEf 
iCkfciOjR^Rih^ Sn/c^ a B B tt©pSG 
a N»tfl95ft.5o 

[0 0 19] H3tt, ®C<V7T'(7m±lC 
G aN^-y77fli:Mg^F-7Lfc4 /imOGaNl 
%^JtLfc7xM- ( c ) t, ??»(c^©±(c+-t"y7 
ItLTA 1 HMZ0. 5 l im(DmitVf&mZ-£tc'y^ 
^- (d) ^Stt^E+fcfe^T, 10 00 

°c, g«#H^T-2 o^FJ<D7x-y ytr*n?tz®., 
x >y ^ > y t «t t) + * - y 7«^k y it ^t«b 5 p 

SG aNMdHg B B B tt^ Wi;<7* h/U5*7-b>XH 

[0 0 2 0] H3fcjFf«fc9ku *+-y7®^S?-y: 
ft7--yyy*fTofcpSGaN« (c) ttiSST' 
07--'J vytftfii: pffiG a N«<D^^lCf7c 
i6s 4 5 0 nm1:'(D|l7 , d3$JS(i^<^oTLS3o Lfr 
t, (c©l^A 1 N) ^Jtl^-tt^iii^c 

«fcf), *+77ii<DA 1 Nttftfg-rStfpHGaNStt 

[0021] 7--y>ytj:»)fflfitt4pa!SMi:ify 

[0 0 2 2] WB % SftJSfy^A^ft^ftiNWtHOffi 
StCfc^T, NgfcLT, -*ICNHi*«flHr^6nT*J 

t#^P.n^„ c©jg ; F«7j^»'7^-b7 , ^-^««ii: 
LT F— 7°2fa7cMg, Zn^t^T5CttJ;f3, 
Mg, Zn^<DpS!JP«ft^7f-b7 , *-f:UTfl|<<D 
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[0 0 2 3] tC6t>\ m&7--VV>fm z ioZ.h' 
t<fcy, Mg-H. Zn-Ht^T^LTl/>S7K« 
2>TOc8?g!2nT, p F-yLfcSfctfU 
7A&{t£««ftlfrS|4jTft*v I^tpS^IGti 
&7 tlT9l< «fc3fcftSfci& x flSfiffiftp 

oT, 7--y>y»H«tfik:NHi, HiSCrtJRftVf 10 

tt«±<os*-e#3:L<fti\, 

[0 0 2 4] 

ft. *Jfc<r;**«tLfttf5»R* 1 0 5 0°CT\ 2 0# 

1 O'CttT'&giU 5 1 0°C(cfel>TG aigtLTT 20 
MC#X£2 7X1 0***/4ih NEfcLTTV^x 
7#Xfc 4 . 0 U 7 h 'J 7#X LT7KH 
#X*2. Oy 7 h/l//#T*&ftLfttfS>> CaN/W7 
7l£2 0 0*>?X hn-AOKPT*S$*S„ 

[0 0 2 5] £fcTMG#X©#*ihi!>TSfi*l 0 3 
0 0 C£T*±#£#7cft, StfTMC#X£5 4 X 1 0^ 
-t/l/Zfts Sf/ctCpzMg (S/^d^V^xx/I/Y 
7*^720 ifZ*3. 6X10" €-;l//#T*&itLfttf 
6 6 0»ffl)«lS-&T, Mg*K-7*LfcGaNJI£4 
Mm©iWT*fi?tt«. 30 

[0 0 2 6] m'&s W±*«S«*fc^x/\-*aS 
SHfrSB&fflU 7x-yy?gMtAft, «E, S 
I8WI**T8 00°CT*2 0»|IBCH*bT7--'J>y 

[0 0 2 7] 7^-'J>yLT»6nfcpSGaNJI<0 
*-A/|BE*fT-3ft«S» gjn$2Q-cnu 
'J 7»*2 x l 0" /on 3 fc«afcpS1$tt**l,;fc. 
[00 2 8] [gflffll 2 ] H$ffl| 1 tfcW, M g F— 

7GaNmm?#m, cpiMg#x*±«K m 

^T+t-yyifcUTGaNS^O. 5 jtmQjNVTJg 40 

[0029] mm 1 fcratit7--y y^arnc*^ 

T, SffT> SJlt7;l/n><7)?g£;tfX#B^ 8 0 

oiC72o»iai7^-yvy%fT?. *■©&> f^tx 

++7 7 B l^^£LTp§lG a NJBfctttBS-e, l^ttfc 
*-/HI«*ff-3fc»lls fita*2G-c», * + 'J7» 
fi 1 . 5xio" /cm 3 fcflMafc p8»tt**Lfc. ft 
437* h/l/$*7-t?VX©4 5 0 nm©tM§ft3$S 
tt, 1 fcjt« LTS^J 4 fiRS*^ /c„ 50 
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[0030] mmm 3 ] 1 tutor, m g f- 
Dttu 7x-y>y^itfe^r, 20m 1318 

2. ox 1 0" /c* mnrcpm%m*b, 7* v 

;l/$*7-feVX© 4 5 0 n mOajfcStattt, H»J 1 t 

[00 31] [gffiffl 4 ] gffifflf 1 fcfcHT, M g F- 
7G a NlfcfiRgStffca, yxn-fcfiiSSSfr&R 
OttU T^XvCVDgHSrffllA *©±t*+77' 
JltLTS i O 2 «£0. SjtmOiW-e^-rS. 

[0 0 3 2] 7^-yvTlWfcfcloT, SggBBSL 
*IE*, 1 0 0 0 X,T° 2 0 #R97x- y y „ 
^©ft, 77&T*S i Oi*4r?:/0*»!)fifc*, pH 
G a N«*»U«^ Httfc*-;l>ffli£*fTofcfSS, 
fim$2Q'cm, *+'J7»*2. OX 1 o" /cm 3 tffi 
ftfc p m<\$fe*7fs L7c» S ft 7 1 h A- 5 * 7 -b V X© 4 

5 o n m<D%mmt, ymmmtm-m 

[0 0 3 3] [H6S0IJ5] HfiSMl fcfc^T, Mg F— 
7°G a N/i^fiScfiS-f+Tcft, 5ltHt, Cp 2 Mg^X 
^ihfe, Sr7ctcTMA#X£6X 1 m/ftt.S i 

h< (ty^v) *'x^2. 2xio"" *;i//^*2 

O^KU, S itfK-^tiftnSCai.. Ale 
NS*0. 8/im<DJPST?jS&£-&S. 
[0 0 3 4] T M G TJX, TMA^X, SiH.jJX* 
Ihttx **^fXi:7>^x7^X*i«Uft*^, SSS 
T«Wl/fc«, 7xm-^Kv7cLT, 7--Vym 
BtAn, g^UHM^T? 0 0°CT-2 OftmmiT 

[0 0 3 5] C<D£?k.LXV77<{7mtiLk\CpMG 
a Nit nSG act A 1 Nlfl«)Rfc:«i?nfc^V 

^;w\rD«jB(DjR?3!j<-etfe. c©^?©aft^y7 

N10-**Xv^>7LTpHGaNl0-a%«ffl 
*4t, J fn j Fn©Ji»C*-5 7j'*ff*Ottfc«, ^-C 

yyfv-T*? 7 7ttt* 7 h Lfc. ^ 7 7°±tsa3 L 
nSMHaitf pSW*»6W*«t)*SU *©fi*- 

*- vmmtmmm 20mA, w^isi«e 5 v n 
a*m*9 0 ,iw©f fi^rfr&^u tr-i'»§tt4 3 

Onrnffeofc. COS3tai*tttfe»it^*-F© 

-So 

[0036] rx-yvyjfrWs il«©^vy 

T, «73-[6]«Ett6 0V)fi<t$^,- L*>t583ttt»6^ 
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[0037] Bttffie] HffiflflJ l fcPWHcLTtf77 

■l > 7S16©±fcGaN/W77jl*2 OO^^Xhn ' 

[0 0 3 8] *fcTMG3yx©»«±», fi**103 
0*Cfc*T±#3tffc& W>"TMC#7£5 4 X 1 0 
" *b/%t. iffttS i H< (*/^» 
2.2X1 0"'° */l//ftT»«Lftff6 6 O^FaMS? 
S itf F-7£ttfcn!GaN!£4 jimOliW 

[0 0 3 9] l^TS i H< #X*ifc«>, Cp 2 Mg#X 
£3. 6X10" *;U/3m&L&tf£3 0#ra$ft2 
•STs Mg K-7C aN!£2. 0 /i m©J?£T-$ft£ 

[0 0 4 0] TMC#X Cp 2 Mg#X£ik46s 7j<^ 

& KiSSSrtfcaftSjifXfcSMWXfcBftU Sit 
#X*SL&ft<&KJ&88l*J©fifi* 1 0 0 0°C$T-± 
©SS88F«iT?2 0^IB«atLT7^-'Jvy* 

[0 0 4 1] c©J:5fc:tT»6nft*? 1 *iaWI!4i: 
l^ttt LTlft^*- Kfc UTJBt«*fc t C 3 4 3 

*tt2 0mAT5 0/iWT'S'5, li^FlpJfllEiilRlt; < 2 * 
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« OmAT'4 VTftofc. $fc7--'J V^fftef 
[004 2] 

«a5pl!^tt!»*K-7 , LTt>ffigR4pSi:ft 

6 fcsfl:* 'j 7 i±mt?&!>¥m%mm P s 

ttfi±l©ffiSEL/H£ffiJnfl:-?t iifriTdi\ 
T'(i7-- U > <£ -3 T p IPFIfcW F-7S fife § 

[0E«fS¥&s*B/n 

[0 1 ] *5SMO-HflSWIt <fc 5 7^- U f^fiS 

[1 2 ] *%WO-HflEtWlC <fc 5 p SG a Nl©^ 
tt£7* h /I/ 5 * V * > X^ST'ibfit L T/TTf 0„ 

[03] *56W©-HJfi»!|t «!:« pSG a NICOSIA 
£7* h;U5*-y^yx$fiTit&LT*-r0„ 
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